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Coastal inlets and river mouths exhibit large magnitude currents and current gradients and together with nearshore waves create a dynamic environment with strong nonlinear interactions. These interactions and the resulting environmental conditions can be predicted using models such as the SWAN and Delft3D, but the fidelity of the predictions can be limited by the accuracy of the specification of boundary conditions, initial conditions, and forcing. This program developed variational algorithms to assimilate local data for waves, tides, and currents to improve these uncertain model inputs and thereby bring predictions into agreement with the data Coastal inlets and river mouths are chokepoints in both a tactical and hydrodynamic sense. Large-magnitude currents and current gradients, and their interactions with near-shore waves, create a dynamic environment with strong nonlinear interactions. These interactions and the resulting environmental conditions can be predicted using models such as the SWAN and Delft3D, but the fidelity of the predictions is limited by approximations in both the models and the model inputs, including boundary conditions, initial conditions, and forcing. The ability to adjust uncertain model inputs to bring predictions into agreement with the data is desirable and data assimilation is a practical way to accomplish this.
The overall goal of this research program was to develop methods for using local data to improve predictions from high-resolution nearshore wave and circulation models. The specific objectives were to develop three things: an approach for nesting Delft3D in arbitrary circulation models, a method for assimilating tide and velocity data in Delft3D for estimation of improved boundary and initial conditions, and a method for assimilating wave spectrum observations into the SWAN model executed in Delft3D.
A necessary part of a capability to carry out accurate, high-resolution modeling of the nearshore region is the ability to extract initial and boundary condition information for Delft3D from operational forecast fields. This nesting of Delft3D in operational forecasts was accomplished through interpolation of the operational forecast fields onto the Delft3D computational grid and the specification of Riemann-type boundary conditions for the boundary-normal velocity and surface elevation, as well as salinity and temperature boundary conditions. To allow complete specification of the boundary conditions, the Delft3D code was modified to allow the tangential velocity at boundary to be set as well ( We developed algorithms for estimation of improved tidal boundary conditions from point observations of sea-surface elevation and for estimation of improved velocity boundary conditions from in situ or remotely sensed velocities. An adjoint-based assimilation algorithm was developed to estimate improved sea-surface-elevation boundary conditions from timehistory data from in situ tide gages. The corrections are applied to the surface-elevation contribution to the Riemann boundary conditions. The boundary conditions are shown to effectively converge in one iteration using observed tides near the New River Inlet in May 2012. Development of the adjoint-based assimilation algorithm for using velocity observations to improve circulation (velocity) boundary conditions for Delft3D is complete; however it has yet to be applied to field data. Results for simulated data are shown below. The only New River Inlet data that we have obtained for use in this algorithm is interferometric synthetic aperture radar data (from the University of Washington Applied Physics Laboratory). This data became available too late in the program to be processed, but will be the focus of future efforts.
In addition to the above, we developed an algorithm for using wave-buoy data to estimate offshore boundary conditions for the SWAN model. This can be run either as a stand-alone tool for estimation of waves alone, or embedded in Delft3D to capture wave-current interactions and wave-induced circulation. This algorithm matches the SWAN wave estimate to the waves at the level of the Fourier directional spectrum coefficients, and does not require reconstruction of the directional spectra from the buoy data. This algorithm was applied to nearshore Waverider buoy data for the New River Inlet in May 2012, and the estimated wave spectra for the region were validated by comparison to independent wave spectrum data in the region.
The algorithms described above are all of the strong-constraint variational variety, and make use of adjoint solvers corresponding to the various model equations, all rigorously derived. The briefing below focuses on the algorithm results, mainly for real-world data. A complete description of the mathematics underlying the algorithms has been reported in various quarterly reports, and is presently being prepared for publication. Future activities will focus on further validation and refinement of the algorithms developed here using data collected at the New River Inlet and at the mouth of the Columbia River. Complete integration of the wave, tide, and circulation algorithms into a single flexible package, capable of using any/all available data to improve model predictions in complicated nearshore environments, will also be the focus of future work. 
